Objective: To quantify the long-term use of various types of healthcare services in patients with traumatic brain injury and to estimate the relative contribution of predisposing characteristics, enabling factors and health-related needs to determine whether there is equity in healthcare utilization. Design: Cross-sectional study. Patients: Seventy-nine non-institutionalized moderate to severe patients with traumatic brain injury (age range 16-67 years). Methods: Healthcare use was measured at 3-5 years postinjury. The relative contribution of predisposing characteristics, enabling factors, and health-related needs to the utilization of various types of care was analysed using logistic regression to determine whether there was equity in healthcare utilization. Results: At least one healthcare service was used by 68% of the patients. Health-related needs explained most of the utilization. However, predisposing characteristics were also related to the use of other medical care and supportive care. Patients with a high internal locus of control were more likely to be users of supportive care, and patients with a high locus of control with the physician were more likely to visit medical specialists.
INTRODUCTION
Approximately 1.6 million patients with traumatic brain injury (TBI) are admitted to hospital each year in Europe (1, 2) . The outcome after TBI can vary from complete recovery to death, with many patients having long-term physical, cognitive and psychosocial disabilities. A Dutch follow-up study showed that the majority of patients with mild to moderate TBI experienced situational, cognitive, emotional and behavioural disabilities at 3-7 years post-injury (3) . Approximately 41% experienced related participation restrictions (4) and needed various healthcare services. Information on healthcare needs and healthcare services that are used in the long-term are crucial for adequate planning of long-term care. Furthermore, it is important to determine whether healthcare is in fact delivered to patients who require services.
To ensure equity in healthcare utilization it is important to evaluate whether the limited healthcare services are used by those patients that need them the most. According to the model of Andersen (5, 6) , healthcare utilization depends on: (i) predisposing characteristics, (ii) enabling factors, and (iii) health-related needs. Predisposing variables reflect a person's preposition to use services. Predisposing variables comprise demographic variables (e.g. age, gender), health beliefs, and coping styles. Enabling factors determine whether healthcare services are available (e.g. income, availability of services where people live, insurance, etc.). Need factors represent the most immediate cause for health service use, reflected by perception of illness, symptoms, diagnosis and functioning (7) . The model was designed to explain the use of services rather than to focus on important interactions that take place as people receive care, or on health outcomes (6). Andersen's model has been used to evaluate equity in healthcare utilization in chronic diseases such as stroke, rheumatoid arthritis, heart disease and diabetes (8) (9) (10) (11) . Equitable access to healthcare services occurs when demographic and need variables account for most of the variance in utilization; this is an indication that patients receive the care they need. Inequitable access is demonstrated when care is explained by social structures, health beliefs, or enabling factors (5, 6) .
A review of the predictors of healthcare utilization in the chronically ill reported that health-related needs were the most important predictors of healthcare utilization, whereas predisposing characteristics (age, sex and marital status) and most enabling factors (income, insurance and social support) were not predictive (11) . In patients with myocardial infarction and in elderly patients, locus of control was also associated with healthcare utilization (12, 13) . Studies in TBI populations identified the following predictors of healthcare EqUITy IN LONG-TERM HEALTHCARE UTILIZATION AFTER  TRAUMATIC BRAIN INJURy? utilization: severity of injury (14-16); physical and cognitive disability; psychosocial disability (14) ; sex; years of education; a longer length of stay in hospital; admittance to a hospital or rehabilitation centre for TBI (15) ; and motor deficits at discharge from inpatient rehabilitation (16) . However, these studies had some limitations for evaluating equity in healthcare utilization: only health-related needs were investigated (14) ; TBI was diagnosed retrospectively with self-reports (15); and healthcare utilization was estimated from the amount that was billed to Medicaid (16) . Therefore, the aims of this study were: (i) to quantify the use of various types of healthcare services in non-institutionalized patients with moderate and severe TBI 3-5 years post-injury, and (ii) to estimate the relative contribution of predisposing characteristics, enabling factors, and health-related needs in order to determine whether there is equity or inequity in healthcare utilization. Given the principle of equity in healthcare, which is one of the basic quality indicators of the Dutch healthcare system, it is hypothesized that healthcare utilization is determined mainly by health-related needs.
IS THERE

MATERIAL AND METHODS
Procedure
For the present cross-sectional study a subsample of 79 patients was included from the cohort that was recruited in the Rotterdam TBI study (17 (18) .
For the Rotterdam TBI study, patients were prospectively followedup at 3, 6, 12, 18, 24 and 36 months from April 1999 to April 2007. For this study the 36-month follow-up measurements were used. All data, except for the questionnaire on healthcare utilization, were collected in a structured interview at the participant's home or institution of admittance by 2 study psychologists. In cases where patients suffered from serious communication impairments, a significant other or professional caregiver was interviewed. In October 2003 the questionnaire on healthcare use was added to the structured interview at the regular follow-up measurement of 3 years. As 39 patients were followed up by that time, these patients were sent the healthcare questionnaire by post up to 5 years post-injury. For these 39 patients, the other data were collected in the structural interview at the regular follow-up.
Patients
Inclusion criteria of the Rotterdam TBI study were: (i) admittance to hospital for moderate or severe TBI due to blunt or penetrating trauma (Glasgow Coma Scale (GCS) (19) score of 9-13 or 3-8, respectively); (ii) age at onset between 16 and 67 years; (iii) survival until discharge from hospital. Exclusion criteria were: (i) insufficient knowledge of the Dutch language to participate in the study; (ii) serious pre-traumatic neurological, oncological or systemic impairment (e.g. spinal cord injury, psychiatric disorders, cancer) that might interfere with the assessment of TBI-related disability. For the present study, only non-institutionalized patients were included. All patients received verbal and written information about the study and signed an informed consent form. The study was approved by the Medical Ethics Committee of Erasmus MC.
Measures
Healthcare utilization. Utilization of healthcare was assessed for a wide range of 16 healthcare services. Patients were asked if they had used these healthcare services in the last year (scored as "yes" or "no"). We selected healthcare services that were relevant in multidisciplinary care for chronic diseases, and in particular for TBI, such as a neurologist, a rehabilitation physician, a psychologist, or an activity centre. If necessary, patients were assisted by the study psychologist or a family member. Because of the small numbers, the studied healthcare services were aggregated according to care function into 4 categories: (i) general practitioner (GP); (ii) medical specialists (neurologist/neurosurgeon, urologist, eye physician, and other medical specialists); (iii) rehabilitation care (rehabilitation physician, physiotherapist, occupational therapist, speech therapist, social worker, and psychologist); and (iv) supportive care (home nurse, home help, activity centre, day care, and patient organizations). The scores were dichotomized into "use" or "no use". In addition, the total number of all care services was calculated. Total care use was dichotomized on the fourth quartile into "high use" and "low care use".
Independent variables. Predisposing characteristics encompass: age at injury in years, gender, living situation (with or without partner), and health beliefs. Health beliefs were assessed with the Multidimensional Health Locus of Control Scales (MHLCS) (20) . The MHLCS consist of 3 separate scales: internal locus of control, locus of control with a physician, and locus of control with chance. The scales indicate how much patients believe that the health status is influenced by themselves, by a physician, or by chance. A higher score indicates that the patient attributes more influence to that factor. The scores were dichotomized into high and low locus of control on the median scores of the patients.
Enabling factors encompass: work status (working vs not working), level of education (lower or junior secondary education vs higher education), urbanization level (rural or urban), and social support. Received social support was measured with the Social Support Scale (SSL) (21) . Subjects are asked to complete 4-point scale on how often they experienced a certain type of social support. The scores range from 34 to 136, where a higher score indicates more experienced social support. Scores were dichotomized on the median score into high or low social support.
Health-related factors encompass clinical aspects, and aspects of functioning and disabilities as described in the International Classification of Functioning Disability and Health (ICF) (22) . The following clinical factors were assessed: TBI severity (GCS score) and co-morbidity. Co-morbidity was measured with the Cumulative Illness Rating Scale (CIRS). The CIRS is a valid and reliable instrument that rates 13 body systems on a 5-point scale (no impairment to life-threatening impairment) without using specific diagnoses (23) . The numbers of body systems that had a score of 1 or higher were accumulated to a sum score for co-morbidity. Medical symptoms of TBI were not considered as co-morbidity.
Cognitive and motor functioning was determined with the Functional Independence Measure combined with the Functional Assessment Measure (FIM+FAM) (24) . The FIM+FAM consists of 30 items with a 7-point scale (completely independent to totally dependent) on the domains self-care, sphincter control, transfers, locomotion, communication, psychosocial adjustment, and cognitive functioning. At 3 years post-injury many patients had ceiling effects on the FIM+FAM. Hence we used a relatively high cut-off value of 180, which corresponds to an average item score of 6 (modified independence, needing more time or devices). Scores were dichotomized into lower than 180 (indicating limitations in functioning) and 180 and above (indicating independence in functioning).
The presence of depression was measured with the Wimbledon SelfReport Scale (WSRS) (25) . The WSRS consists of 30 questions on how often a certain feeling was felt in the past 4 weeks (most of the time, quite often, only occasionally, not at all). The items are transformed into a 2-point scale with a maximum score of 30. Scores ranging from 0 to 7 are considered as normal functioning, scores ranging from 8 to 10 are considered as borderline for mood disorders, and scores of 11 to 30 are considered as cases with a clinically significant mood disorder. The scores were dichotomized into lower or equal to 7 indicating no depression, and above 7 indicating depression.
Participation restrictions were assessed with the Sickness Impact Profile-68 (SIP-68) (26) , which has 68 statements on behaviour, feelings, and functions. The Respondents are asked if these statements apply to their current situation (yes/no) and whether they are healthrelated. The SIP-68 score is calculated by summing all positively scored items (range 0-68). A higher score indicates more participation restrictions. The SIP-68 has excellent test-retest reliability (intra class correlation = 0.97) (27) . The SIP-68 was originally not primarily intended to measure participation restrictions but was developed to measure functional health status. However, the version from which the SIP-68 was derived, the Sickness Impact Profile-136 (SIP-136) (28) , covered a broad bandwidth of different ICF categories and among them the category activities and participation is represented most extensive (29) . Despite the limitation that the SIP-68 also measures other ICF categories, we considered it suitable for measuring participation restrictions. The SIP-68 was dichotomized on the median into restricted or not restricted in participation.
Community integration was determined with the Community Integration questionnaire (CIq) (30) , which assesses daily activities in the home, social environment, and in work or education. It contains 15 questions on how activities are usually performed (alone, with another person, by someone else) and how frequently activities are performed. The score ranges from 0 to 29, with a higher score indicating better community integration. The reliability of the CIQ is sufficient (31) . The CIq was dichotomized on the median into high or low community integration.
Statistical analysis
Descriptive statistics were performed with SPSS 12.0.1. Four separate logistic regression analyses were performed for each of the 4 types of care and for high total use of care.
First, the association between the independent variables and the 4 types of care and total care were tested with χ 2 tests. Effect sizes were expressed with odds ratios (ORs) and 95% confidence intervals (95% CI). Because the sample was relatively small and there were many independent variables, we set the criterion for inclusion in the multivariate model at 0.10. Variables that were selected for the multivariate model were tested for interrelations with Spearman's rho. If there were interrelations (Spearman's rho ≥ 0.80) between a type of factors (pre-disposing, enabling, or need factors), than the highest contributor was selected for the multivariate model. If there were interrelations (Spearman's rho ≥ 0.80) between types of factors, multiple models were built in order to investigate the influence of the contributing factors.
Secondly, the selected independent variables were analysed with a backward logistic regression analyses. A p-value below 0.05 was considered significant.
RESULTS
Study population
Of the 119 patients with TBI included in the Rotterdam TBI study, 4 patients were institutionalized, 3 were deceased, and 16 patients were lost at the time of follow-up. Of the 96 eligible patients, 79 (82%) completed the healthcare utilization questionnaire at 3-5 years post-injury. Seventeen patients had not returned their questionnaire. Compared with non-participants, participants had a more severe initial injury (lower GCS score) (p = 0.040) and higher education levels (p = 0.034). There were no significant differences for the other independent variables between participants and non-participants. Table I presents the characteristics of the study participants: mean age was 35 years, there were twice as many males as females, and the majority (72%) lived with a partner or parent. The mean GCS score was 6.7 (standard deviation = 3.0). Co-morbidity was present in 57 patients (74%). Limitations in functioning were found for 7 patients (9%) and depression was present in 10 patients (13%). (32%) did not use any care at all and the remainder received various types of care. Of all healthcare services, the GP was contacted most frequently (48%). Rehabilitation care was used by 38% of the patients; 42% visited medical specialists, and 16.5% had supportive care. Within rehabilitation care, most contacts were with the rehabilitation physician, followed by the physical therapist. Several supportive care services were equally received: home help, support from other TBI victims, and activity centres. Fig. 2 shows the amount of different type of services that were used; high overall care use (3 or more services) was found in 24 patients (30%).
Healthcare utilization
Determinants of healthcare utilization
The results of the univariate and multivariate analyses for utilization of the 4 types of care and high overall care use are presented in Table II . Only significant univariate results (p < 0.10) and significant multivariate results (p < 0.05) are presented.
High overall care use. In the univariate analyses, not working at follow-up, limitations in functioning, and restrictions in participation were risk factors for a high overall use of healthcare. Significant intercorrelations were found between limitations in functioning and respectively work (Spearman's rho = 0.36) and restrictions in participation (Spearman's rho = 0.31); patients Only the significant (p < 0.10) results for the univariate analyses and significant results (p < 0.05) for the multivariate analyses are reported here. 95% CI: 95% confidence interval; GCS: Glasgow Coma Scale; TBI: traumatic brain injury.
with limitations in functioning were less likely to work and were more likely to have participation restrictions. Because these values were below the cut-off value of 0.80, all variables were entered in the multivariate model. In the multivariate model, only restrictions in participation were significant (OR = 3.273, 95% CI: 1.166-9.190, p < 0.024).
General practitioner. In the univariate analyses, more comorbidity was the only significant determinant for GP use (OR = 1.631 per impaired body system, 95% CI: 1.093-2.435, p = 0.017). Therefore, no multivariate model was tested.
Medical specialists. In the univariate analyses, male gender, more co-morbidity, restrictions in participation, and a high locus of control for a physician were risk factors for utilization of medical specialists. The spearman correlations between these variables were all not significant and therefore all variables were entered in the multivariate model. In the multivariate model, more co-morbidity (OR per extra impaired body system = 1.767, 95% CI: 1.106-2.823, p = 0.017) and a high locus of control for a physician (OR = 3.759, 95% CI: 1.191-11.862, p = 0.024) remained significant risk factors.
Rehabilitation care. In the univariate analyses, only dependence in functioning was significant (OR = 4.700, 95% CI: 0.850-25.988, p = 0.098); therefore no multivariate model was tested.
Supportive care. In the univariate analyses, a more severe initial injury, dependence in functioning, restrictions in participation, and a high internal locus of control were risk factors for use of supportive care. Interrelations were found between dependence and functioning and restrictions in participation (Spearman's rho = 0.31) and between initial severity and internal locus of control (Spearman's rho = 0.26); patients who were dependent in functioning were more likely to have restrictions in participation and more severely injured patients were more likely to have higher internal locus of control. 
DISCUSSION
This study investigated which healthcare facilities were used by patients with moderate to severe TBI 3-5 years post-injury. equity or inequity was determined by analysing which factors contributed to the use of healthcare services, i.e. predisposing characteristics, enabling factors, or health-related needs. At least one healthcare service was used by 68% of the patients in the long term, which is similar to the results of earlier studies on patients with TBI (14, 15) . The GP, medical specialists, and rehabilitation care were contacted most frequently. Compared with the general Dutch population, a smaller percentage of the study population had visited a GP (32) . The GP is the first contact and gatekeeper in the Dutch healthcare system and referrals are generally made by GPs; however, because our patients were already in the system they probably needed fewer referrals from the GP. A remarkable finding was that physical therapists were contacted more frequently than psychologists or social workers, despite that in the long term most patients with TBI experience psychosocial problems rather than physical problems (3, 33) . Perhaps rehabilitation programmes focused more on regaining physical capacity than on psychosocial issues. Another explanation might be that patients have organized care themselves and were more inclined to arrange physical support than psychosocial support because they were more familiar with this type of care. Many patients with TBI were using a variety of healthcare services: 49% visited at least 2 services, and 30% received 3 or more services. The utilization of multiple services underscores the importance of good collaboration and coordination between these services.
Andersen's model (5, 6) was used to evaluate equity or inequity of care. equity in healthcare use is demonstrated when this use is mainly determined by health-related factors and not by enabling or predisposing factors. Health-related needs (such as restrictions in participation and co-morbidity) explained most of the variance of healthcare utilization. Hence, these results seem to suggest that most patients who needed care, received care. However, for medical specialists and supportive care, inequity could not be ruled out, as predisposing factors also contributed to healthcare utilization.
Patients with a high locus of control with the physician were more likely to visit medical specialists than other patients, despite comparable health-related factors. Patients with a high internal locus of control were more likely to use supportive care than other patients, despite comparable health-related factors. In contrast, a study in patients after a myocardial infarct reported that a lower belief in personal control was related to more physician visits (13) . However, the differences in findings might be explained by the fact that this study used a one-dimensional health locus of control scale, in which internal and external orientations were not separate scales but opposites on the same dimension. Therefore, their results are in agreement with our findings for the use of medical specialist care but in disagreement with the use of supportive care. A study of elderly people found no association between internal locus of control and hospitalization and physician use (12) . An internal orientation might lead to different actions in health behaviour, which can explain differences in findings between studies. Usually, patients with a high internal orientation control their own health by performing healthy behaviour, while patients with an external control rely on others for their health. However, their behaviour also depends on what patients expect to be effective for their health (34) . If patients believe that a treatment will be beneficial, then internal orientated patients can choose an active problem-solving approach by seeking support to overcome health problems. An alternative explanation is that health locus of control might change as a consequence of continued healthcare utilization. A study of elderly people found that a continued period of hospitalization or an increase in physician visits over time, was associated with an increase in powerful others (physician) and an increase in a chance health locus of control orientation. However, internal health locus of control was not affected by continued healthcare utilization (12) .
An interesting item is whether the influence of health beliefs on care use point to inequity or whether patient preferences should be considered in healthcare utilization. Andersen originally stated that there was inequity when health beliefs determined healthcare utilization (5), but later reported that it also depended on the circumstances (6) . It is a matter of concern when patients refuse or do not seek healthcare because they have insufficient insight into their sickness or are unaware of their problems. However, it is now common knowledge that healthcare is more effective if patients are involved in the management of care (35, 36) . With a patient-centred approach, health beliefs and expectations of patients and professionals can be matched, and patients can be activated to take some control in disease management (37) . Particularly in chronic illness, this approach was found to result in a better satisfaction, adherence to treatment, and outcome (37) . In the future, professionals might pay more attention to the influence of health beliefs on healthcare utilization, which might prevent some patients failing to receive the care they need because of their health beliefs.
Some caution is warranted in interpreting these results. First, because the results are based on a small study sample, some small but important associations might not have been identified. However, we assume that the sample was representative because the procedure stipulated that all patients with moderate and severe TBI be referred to the 3 recruitment centres. It is not known whether the results can also be generalized to patients with mild TBI.
Secondly, we assessed only whether the patients had contact with healthcare services, and not the frequency or intensity of the provided healthcare. Therefore, it was beyond the scope of this study to determine whether the quantity and quality of the delivered healthcare services were sufficient to deal with all experienced health problems.
Thirdly, we evaluated equity in aggregated care types and not for individual services. On the individual level, patients with TBI might still have unmet needs for healthcare services. In the long-term, patients with TBI may disappear from the healthcare system. New healthcare needs, created by altered circumstances, might therefore remain undetected. TBI research has a strong focus on short-term outcome, whereas it is a lifelong problem. Because we have not yet succeeded in identifying which patients need intensive long-term follow-up, it is recommended that TBI rehabilitation be a lifelong, well-coordinated process focusing on both the patient and their family (38) .
